The Effect of Flow Approaching Angle on the Velocity Measurement Using Bi-directional Velocity Probe  by Kim, Sung Chan & Kim, Jung Yong
 Procedia Engineering  62 ( 2013 )  797 – 803 
Available online at www.sciencedirect.com
1877-7058 © 2013 International Association for Fire Safety Science. Published by Elsevier Ltd. 










































































stant for high R
s result. For th
kestad and the 
ivity increased
f 30°. From th
























ze the flow ch
eynolds numb






























 the reliability o
/or peer-review








e the effect o
he CFD calcul
ith the flow ap
gher than that 
lar sensitivity
 reached 10% c
number and t
wake flow wa
n inside the p









l design of bi-d
f Reynolds nu





















nd 45° well m
e case of the f
angular sensit
he rear side of




















 in fire testing 
angle on the 
low field near 
hows that the 
od accordance 
vious work of 
g angle of 0°. 
rved at flow 
probe at flow 
ty of velocity 
ization of bi-
r Fire Science © 2013 International Association for Fire Safety Science. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Asian-Oceania Association of Fire Science and Technology
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
798   Sung Chan Kim and Jung Yong Kim /  Procedia Engineering  62 ( 2013 )  797 – 803 
1. Introduction 
Along with the temperature measurement, the flow measurement in fire experiment is one of the most basic ways to 
understand the fire behavior and characterize a fire environment. There are various ways such as LDV (Laser Doppler 
Velocimeter), PIV (Particle Image Velocimetry), hot wire anemometer, and differential pressure velocimeter, which are 
used to quantify the flow field [1]. In most of fire testing conditions, however, the applicable velocity measurement 
technique is limited due to the unsteady characteristics and the harsh environment of fire including combustion products 
with soot particle and large temperature variation. Therefore, traditional differential pressure velocimeter is the common in 
fire testing application for many reasons including convenience, robustness, suitability for large scale tests. The well-known 
representative for the differential pressure velocimetry is the Pitotstatic tube, however, it is sensitive to flow direction and 
clogging of small measuring hole due to combustion products. Therefore, the differential pressure velocimeter using robust 
bi-directional probe has been widely used in numerous fire testing applications such as ventilation flow measurement in 
compartment fires, exhaust flow measurement of large scale calorimeter, and so on. The determination of the local velocity 
using a bi-directional probe requires the measurement of pressure difference between the front and rear sides of the probe 






=                                                                                   (1) 
where, kp is the probe constant. Usually, the gas density is determined from the measured local temperature. For an ideal 
Pitot tube, the probe constant is quite close to unity, but that of bi-directional probe depends on several factors such as 
Reynolds number, probe shape, and orientation. McCaffrey and Heskestad [2] showed the best fit of poly-nominal curve for 
low Reynolds number flow (40 < Re < 3,800) with relative uncertainty of 5%. They proposed that the asymptotic value of 
probe constant was about 1.08 for large Reynolds number. Additionally, the measurement uncertainty of bi-directional 
probe can be affected by the flow approaching angle between the probe axis and the flow direction. Within 50 of flow 
approaching angle, the relative uncertainty of McCaffrey and Heskestad’s results is ±0.10. However, Liu et al. [4] reported 
that the relative uncertainty at flow angle of 30 showed the mean value of 0.15 and maximum value of 0.18 for low 
Reynolds number flow (100 < Re < 1,200).  
In order to enhance reliability of the velocity measurement by bi-directional probe, the measurement uncertainty should 
be quantified for various flow conditions such as range of Reynolds number, flow approaching angle, temperature variation, 
and so on. In contrast to its extensive application in fire testing, there has been limited research to quantify the measurement 
uncertainty for various flow conditions and optimize the design of bi-directional probe. 
The present study has been performed to examine the measurement uncertainty of bi-directional probe for flow 
conditions for high Reynolds number with various flow approaching angles. Besides the experimental study, a series of 
CFD calculations have been conducted to understand the flow characteristics near the probe associated with the flow 
approaching angle. It is expected that this study can contribute to enhancing the reliability of velocity measurement in fire 
test and can be utilized as a preliminary study for design optimization of bi-directional probe based on the understanding of 
detailed flow characteristics.  
2. Experimental and numerical approach 
The present study includes both experimental and numerical study to investigate the angular sensitivity of bi-directional 
probe. In the experimental study, the probe constant with Reynolds number is estimated for a standard type of bi-directional 
probe and compared with previous study to verify the measurement method of the present study. Then, the angular 
sensitivity with Reynolds number is examined within 50  of flow approaching angle. In the numerical study, a series of 
CFD calculations is performed to understand the flow field near the bi-directional probe with the flow approaching angle 
and analyze the effect of the flow characteristics on the angular sensitivity. 
2.1. Experiment 
As seen in Fig. 1, experiments are conducted in a circulating wind tunnel with the test section length of 2.5 m. An axial 
fan was installed at the bottom of the circulating wind tunnel and flow speed inside the wind tunnel was controlled by an 
inverter drive. The cross section area of the test section is approximately 0.01 m2, the measuring point of bi-directional 
probe is located at 1.5 m downstream from the entrance of test section. A bi-directional probe used in this study is a 
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